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NOVEL ANTI-ANGIOGENIC AGENT AND ITS USE, IN PARTICULAR 
WITHIN THE FRAMEWORK OF THE TREATMENT OF CANCER 

A subject of the present invention is a novel anti-angiogenic agent, as well as its 
use, in particular within the framework of the treatment of cancer. 

Angiogenesis is a growth process of new blood capillaries from pre-existing 
vessels. Three particular phenomena in particular form the basis of this process: 
proliferation, migration and differentiation (tubulogenesis) of the endothelial cells. 
Angiogenesis is activated by certain growth factors, known as angiogenic factors, such 
as VEGF (Vascular Endothelial Growth Factor) FGF-1 (Fibroblast Growth Factor 1) or 
FGF-2 (Fibroblast Growth Factor 2). 

Normally, angiogenesis is essentially restricted to the female reproductive system 
and to the cicatrization of wounds. However, angiogenesis is also involved in numerous 
pathological cases, such as diabetic retinopathy, psoriasis, rheumatoid arthritis, age- 
related macular degeneration, and cancer. In fact, in the latter case it has been shown 
that the tumorous growth was significantly promoted by the appearance within these 
tumors of a neo- vascularization resulting in particular from the secretion of angiogenic 
factors by the tumors. 

Numerous attempts at therapeutic treatments based on the use of anti-angiogenic 
proteins are in progress. Among these compounds, one of the most promising is 
endostatin (O'Reilly et al., 1997), which is currently undergoing Phase I clinical trials 
(Herbst et al., 2002). Endostatin is a protein of 20 kDa corresponding to a fragment of 
collagen XVIII. The action mechanism of endostatin remains unknown. 

Certain therapeutic attempts are based on the elucidation of known action 
mechanisms. Thus endothelial cells in proliferation express integrin avb3 whereas 
quiescent endothelial cells do not express it (Brooks, 1994). This observation has made 
it possible to develop inhibitors of this molecule currently undergoing clinical trials. 

Among all the molecular factors involved in the activation of angiogenesis, only 
VEGF has proved its effectiveness in practically all the experimental models for 
measuring angiogenesis activity (Ortega, 1999). Moreover, in spring 2003, Genentech 
published its finding that anti-VEGF antibodies exhibited an anti-tumor activity in 
patients suffering from cancer of the colon. Thus it is therefore of prime importance to 



research molecules which can bind to VEGF and thereby exhibit an anti-tumor activity 
comparable to that of the anti-VEGF antibodies. 

The nov gene, first identified in avian nephroblastomas (Joliot et al., 1992; 
Martinerie and Perbal, 1991), has been cloned in humans (novH) (Martinerie et al., 
1994), mice (novM) (Snaith et al., 1996) and Xenopus laevis (Ying and Ling, 1996). 
The NOV protein, encoded by the nov gene, the function of which is at present 
unknown, belongs to the CCN family (Bork, 1993) which comprises the following 
proteins: CYR61 (Lau and Nathans, 1985), CTGF (Bradham et al., 1991), ELM-1 or 
WISP-i (Pennica et al., 1998; Hashimoto et al., 1998), R-COP or WISP-2 (Pennica et 
al., 1998; Kumar et al., 1999; Brigstock, 1999) and WISP-3 (Pennica et al., 1998). 
These proteins are all constituted by four distinct domains: an insulin-like growth factor 
binding protein (IGFBP), a Willebrand factor type C repeat domain, a thrombospondin 
type I repeat domain and a COOH-terminal domain. The proteins of the CCN family 
regulate different normal cell processes including proliferation, adhesion, apoptosis and 
chemotaxis. They are also involved in implantation, skeleton formation, embryo 
development and different diseases such as fibrosis, cicatrization and cancer (Chevalier 
et al., 1998). 

The human NOV protein (NOVH) can be detected in normal tissues (kidneys, 
muscles, cartilage, cerebrum, lungs, ovaries, heart and adrenal cortex) at different levels 
(Joliot et al., 1992; Martinerie et al., 2001; Kocialkowski et al., 2001; Perbal et al., 
1999) and its expression varies during development. 

At present the functions performed by the NOV protein are not clearly 
established. It has recently been proposed that NOV could exhibit a proangiogenic 
action (Lin, 2003) by making it possible to bind to certain integrins (avb3, a6bl and 
a5bl). Moreover these authors show that NOV exhibits a proangiogenic activity in the 
rabbit cornea model. However, it has been demonstrated that this test can lead to false 
positive results by releasing angiogenic factors synthesized and stored in the cornea 
(Plouet, 1997). 

Thus the present invention results from the demonstration of the anti-angiogenic 
activity of NOV due to its binding to VEGF. 

The purpose of the present invention is to provide a novel anti-angiogenic agent 
having a novel action mechanism. 

The present invention relates to the use: 

- of a protein characterized in that it comprises or is constituted by: 



* the NOV protein, represented by the sequence SEQ ED NO: 2, or 

* a fragment of this protein, providing that this fragment exhibits an 
angiogenesis-inhibiting activity, said fragment comprising in particular 
approximately 40 to approximately 180 amino acids, and being in particular 
represented by one of the following sequences SEQ ID NO: 4, 
SEQ ED NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

- of a nucleotide sequence characterized in that it comprises or is constituted by 
a nucleotide sequence coding: 

* either for the NOV protein as defined above, 

* or for a fragment of the NOV protein as defined above, 

* or for a sequence derived from the NOV protein as defined above, 

* . or for a sequence homologous to the NOV protein as defined above, 
said nucleotide sequence corresponding in particular to the nucleotide sequence 

SEQ ID NO: 1 coding for SEQ ID NO: 2, or to the sequence SEQ ID NO: 3 coding for 
SEQ ID NO: 4, or to the sequence SEQ ID NO: 5 coding for SEQ ID NO: 6, or to the 
sequence SEQ ID NO: 7 coding for SEQ ID NO: 8, or to the sequence SEQ ID NO: 9 
coding for SEQ ID NO: 10, or to the sequence SEQ ID NO: 11 coding for SEQ ID 
NO: 12, 

- of an anti-idiotypic antibody of the NOV protein, 

for the preparation of a medicament intended for the treatment: 

- of pathologies requiring the inhibition of endothelial proliferation, in particular 
within the framework of the following pathologies: age-related macular degeneration, 



diabetic retinopathy, rheumatoid arthritis, angiomas, angiosarcomas, in particular 
Castelman's disease and Kaposi's sarcoma, or 

- of pathologies requiring the inhibition of endothelial activation, in particular 
within the framework of the following pathologies: allograft and xenograft rejection, 
acrocyanosis, scleroderma, or within the framework of the preparation of grafts between 
collection and transplantation. 

The present invention relates to the use of a protein characterized in that it 
comprises or is constituted by: 

* the NOV protein, represented by the sequence SEQ ID NO: 2, or 

* a fragment of this protein, providing that this fragment exhibits an 
angiogenesis-inhibiting activity, said fragment comprising in particular 
approximately 40 to approximately 180 amino acids, and preferably 
approximately 40 to approximately 80 amino acids, and being in particular 
represented by one of the following sequences SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ED NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

for the preparation of a medicament intended for the treatment: 

- of pathologies requiring the inhibition of endothelial proliferation, in particular 
within the framework of the following pathologies: age-related macular degeneration, 
diabetic retinopathy, rheumatoid arthritis, angiomas, angiosarcomas, in particular 
Castelman's disease and Kaposi's sarcoma, or 

- of pathologies requiring the inhibition of endothelial activation, in particular 
within the framework of the following pathologies: allograft and xenograft rejection, 



acrocyanosis, scleroderma, or within the framework of the preparation of grafts between 
collection and transplantation. 

The sequence SEQ ED NO: 2 corresponds to the human NOV protein encoded by 
the nucleotide sequence SEQ ID NO: 1. 

The sequence SEQ ID NO: 4 corresponds to the IGFBP (insulin-like growth 
factor binding protein) fragment of the human NOV protein, said fragment being 
encoded by the nucleotide sequence SEQ ID NO: 3. This fragment comprises 72 amino 
acids and corresponds to the fragment of the NOV protein ranging from residue 33 to 
residue 104 of the sequence SEQ ID NO: 2. 

The sequence SEQ ID NO: 6 corresponds to the VWC (von Willebrand factor 
type C repeat domain) fragment of the human NOV protein, said fragment being 
encoded by the nucleotide sequence SEQ ID NO: 5. This fragment comprises 67 amino 
acids and corresponds to the fragment of the NOV protein ranging from residue 108 to 
residue 174 of the sequence SEQ ID NO: 2. 

The sequence SEQ ID NO: 8 corresponds to the TSP-1 (thrombospondin type I 
repeat domain) fragment of the human NOV protein, said fragment being encoded by 
the nucleotide sequence SEQ ID NO: 7. This fragment comprises 45 amino acids and 
corresponds to the fragment of the NOV protein ranging from residue 206 to residue 
250 of the sequence SEQ ID NO: 2. 

The sequence SEQ ID NO: 10 corresponds to the CT (COOH-terminal domain) 
fragment of the human NOV protein, said fragment being encoded by the nucleotide 
sequence SEQ ID NO: 9. This fragment comprises 75 amino acids and corresponds to 
the fragment of the NOV protein ranging from residue 264 to residue 338 of the 
sequence SEQ ID NO: 2. 

The sequence SEQ ID NO: 12 corresponds to the C-terminal fragment of the 
human NOV protein, said fragment being encoded by the nucleotide sequence 
SEQ ID NO: 11. This fragment comprises 170 amino acids and corresponds to the 
fragment of the NOV protein ranging from residue 188 to residue 357 of the sequence 
SEQ ID NO: 2. 

Angiogenesis-inhibiting activity is also designated anti-angiogenic activity. This 
activity can for example be detected in vitro by demonstrating inhibition of the 
multiplication, migration and differentiation of endothelial cells by the peptide 
sequences of the invention. Measurement of the inhibition of the multiplication of the 
endothelial cells can be carried out by culture of endothelial cells in the presence of the 



peptide sequence the activity of which is to be evaluated. Measurement of the inhibition 
of the migration of endothelial cells can be carried out by making a "wound " on a 
carpet of endothelial cells and then incubating the cells in the presence of the peptide 
sequence to be tested. The number of cells having migrated onto the wound is then 
measured. Measurement of the inhibition of the differentiation (tubulogenesis) of the 
endothelial cells can be carried out by measuring the length of tubules formed by 
endothelial cells cultured on gel in the presence of the peptide sequence to be tested. 

Among the standard angiogenesis-measurement models there can be mentioned 
local delivery models such as: 

- sub-cutaneous injection of Matrigel (Becton Dickinson) impregnated with the 
compound of the invention (Inoki et al., 2002), or 

- application to chicken chorio-allantoid membrane of an implant containing a 
compound of the invention (Celerier et al., 2002). 

The compound of the invention can be injected by systemic route (intravenous, 
intraperitoneal, sub-cutaneous) into animals in which an experimental angiogenic 
disease has been created. The compound of the invention can also be injected directly 
into a tumor. Alternatively the NOV protein or fragments or the anti-idiotypic 
antibodies according to the invention (described hereafter) can be delivered by a gene 
therapy method by local or systemic route by any method allowing the expression of the 
protein or fragments or anti-idiotypic antibodies according to the invention (virus or 
plasmid containing the NOV sequence). Alternatively the NOV sequence or fragments 
or anti-idiotypic antibodies according to the invention can be inserted into a plasmid 
which is transfected into cancer cells (here the measurement consists of measuring the 
evolution of tumors developed from cancer cells transfected by a plasmid containing or 
not containing the NOV or fragment sequence). All these measurement procedures are 
in particular described in the article by Jain et al. (1997). 

The term "anti-tumor activity" is used to designate an activity making it possible 
to inhibit tumorous growth and/or to induce the regression or even the disappearance of 
tumors. This activity can for example be detected in vivo by measuring the mass of 
tumors, the development of which has been induced by injection of tumor cells, in the 
presence and absence of administration of peptide sequences of the invention and/or of 
nucleic acids expressing the peptide sequences of the invention. 



The expression "inhibition of endothelial proliferation" designates any substance 
capable of slowing down the proliferation of endothelial cells according to the test 
described hereafter (experimental part). 

The expression "endothelial activation" corresponds to any pathology involving 
endothelial cells subjected to an increased concentration of VEGF relative to the non- 
pathological state. 

According to an advantageous embodiment, the present invention relates to the 
use as defined above of a protein characterized in that it comprises or is constituted by 
the NOV protein, represented by the sequence SEQ ID NO: 2. 

An advantageous use according to the present invention consists of the use as 
defined above of a protein characterized in that it comprises or is constituted by the 
NOV protein, represented by the sequence SEQ ID NO: 2, for the preparation of a 
medicament intended for the treatment of pathologies requiring the inhibition of 
endothelial proliferation, in particular within the framework of the following 
pathologies: age-related macular degeneration, diabetic retinopathy, rheumatoid 
arthritis, angiomas, angiosarcomas, in particular Castelman's disease and Kaposi's 
sarcoma. 

An advantageous use according to the present invention is the use as defined 
above of a protein characterized in that it comprises or is constituted by the NOV 
protein, represented by the sequence SEQ ID NO: 2, for the preparation of a 
medicament intended for the treatment of pathologies requiring the inhibition of 
endothelial activation, in particular within the framework of the following pathologies: 
allograft and xenograft rejection, acrocyanosis, scleroderma, or within the framework of 
the preparation of grafts between collection and transplantation. 

According to an advantageous embodiment, the present invention relates to the 
use as defined above of a protein characterized in that it comprises or is constituted by: 

* a fragment of the NOV protein, represented by the sequence 
SEQ ID NO: 2, providing that this fragment exhibits an angiogenesis- 
inhibiting activity, said fragment comprising in particular approximately 40 
to approximately 180 amino acids, and being in particular represented by 
one of the following sequences SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
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one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity. 

An advantageous use according to the present invention is the use as defined 
above of a protein characterized in that it comprises or is constituted by: 

* a fragment of the NOV protein, represented by the sequence 
SEQ ID NO: 2, providing that this fragment exhibits an angiogenesis- 
inhibiting activity, said fragment comprising in particular approximately 40 
to approximately 180 amino acids, and being in particular represented by 
one of the following sequences SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

for the preparation of a medicament intended for the treatment of pathologies 
requiring the inhibition of endothelial proliferation, in particular within the framework 
of the following pathologies: age-related macular degeneration, diabetic retinopathy, 
rheumatoid arthritis, angiomas, angiosarcomas, in particular Castelman's disease and 
Kaposi's sarcoma. 

An advantageous use according to the present invention is the use as defined 
above of a protein characterized in that it comprises or is constituted by: 



* a fragment of the NOV protein, represented by the sequence 
SEQ ID NO: 2, providing that this fragment exhibits an angiogenesis- 
inhibiting activity, said fragment comprising in particular approximately 40 
to approximately 180 amino acids, and being in particular represented by 
one of the following sequences SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

for the preparation of a medicament intended for the treatment of pathologies 
requiring the inhibition of endothelial activation, in particular within the framework of 
the following pathologies: allograft and xenograft rejection, acrocyanosis, scleroderma, 
or within the framework of the preparation of grafts between collection and 
transplantation. 

The present invention also relates to the use of a protein characterized in that it 
comprises or is constituted by: 

* a fragment of the NOV protein, represented by the sequence 
SEQ ED NO: 2, providing that this fragment exhibits an angiogenesis- 
inhibiting activity, said fragment comprising in particular approximately 40 
to approximately 180 amino acids, and being in particular represented by 
one of the following sequences SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 
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* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

for the preparation of a medicament intended for the treatment of cancer. 
The present invention also relates to the use: 

- of a protein characterized in that it comprises or is constituted by: 

* the NOV protein, represented by the sequence SEQ ID NO: 2, or 

* a fragment of this protein, providing that this fragment exhibits an 
angiogenesis-inhibiting activity, said fragment comprising in particular 
approximately 40 to approximately 80 amino acids, and being in particular 
represented by one of the following sequences SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8 or SEQ ID NO: 10, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined below, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined below, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

- of a nucleotide sequence characterized in that it comprises or is constituted by 
a nucleotide sequence coding: 

* either for the NOV protein as defined above, 

* or for a fragment of the NOV protein as defined above, 

* or for a sequence derived from the NOV protein as defined above, 

* or for a sequence homologous to the NOV protein as defined above, 
said nucleotide sequence corresponding in particular to the nucleotide 
sequence SEQ ID NO: 1 coding for SEQ ED NO: 2, or to the sequence SEQ 
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ID NO: 3 coding for SEQ ID NO: 4, or to the sequence SEQ ID NO: 5 
coding for SEQ ID NO: 6, or to the sequence SEQ ID NO: 7 coding for 
SEQ ID NO: 8, or to the sequence SEQ ID NO: 9 coding for SEQ ID 
NO: 10, 

- of an anti-idiotypic antibody of the NOV protein, 

for the preparation of a medicament intended for the treatment of pathologies requiring 
the inhibition of endothelial proliferation, in particular within the framework of the 
following pathologies: cancer, age-related macular degeneration, diabetic retinopathy, 
rheumatoid arthritis, angiomas, angiosarcomas, in particular Castelman's disease and 
Kaposi's sarcoma. 

The present invention also relates to the use 

- of a protein characterized in that it comprises or is constituted by: 

* the NOV protein, represented by the sequence SEQ ID NO: 2, or 

* a fragment of this protein, providing that this fragment exhibits an 
angiogenesis-inhibiting activity, said fragment comprising in particular 
approximately 40 to approximately 80 amino acids, and being in particular 
represented by one of the following sequences SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8 or SEQ ID NO: 10, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined below, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined below, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 

- of a nucleotide sequence characterized in that it comprises or is constituted by 
a nucleotide sequence coding: 

* either for the NOV protein as defined above, 

* or for a fragment of the NOV protein as defined above, 

* or for a sequence derived from the NOV protein as defined above, 



12 



* or for a sequence homologous to the NOV protein as defined above, 
said nucleotide sequence corresponding in particular to the nucleotide 
sequence SEQ ID NO: 1 coding for SEQ ED NO: 2, or to the sequence SEQ 
ID NO: 3 coding for SEQ ID NO: 4, or to the sequence SEQ ID NO: 5 
coding for SEQ ID NO: 6, or to the sequence SEQ ID NO: 7 coding for 
SEQ ID NO: 8, or to the sequence SEQ ID NO: 9 coding for SEQ ID 
NO: 10, 

- of an anti-idiotypic antibody of the NOV protein, 

for the preparation of a medicament intended for the treatment of pathologies requiring 
the inhibition of endothelial activation, in particular within the framework of the 
following pathologies: allograft and xenograft rejection, acrocyanosis, scleroderma, or 
within the framework of the preparation of grafts between collection and 
transplantation. 

The present invention relates to a pharmaceutical composition characterized in 
that it contains as active ingredient: 

- a protein characterized in that it comprises or is constituted by: 

* the NOV protein, represented by the sequence SEQ ID NO: 2, or 

* a fragment of this protein, providing that this fragment exhibits an 
angiogenesis-inhibiting activity, said fragment comprising in particular 
approximately 40 to approximately 180 amino acids, preferably 
approximately 40 to approximately 80 amino acids, and being in particular 
represented by one of the following sequences SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined below, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined below, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 
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- a nucleotide sequence characterized in that it comprises or is constituted by a 
nucleotide sequence coding: 

* either for the NOV protein as defined above, 

* or for a fragment of the NOV protein as defined above, 

* or for a sequence derived from the NOV protein as defined above, 

* or for a sequence homologous to the NOV protein as defined above, 
said nucleotide sequence corresponding in particular to the nucleotide sequence 

SEQ ID NO: 1 coding for SEQ ID NO: 2, or to the sequence SEQ ID NO: 3 coding for 
SEQ ID NO: 4, or to the sequence SEQ ID NO: 5 coding for SEQ ID NO: 6, or to the 
sequence SEQ ID NO: 7 coding for SEQ ID NO: 8, or to the sequence SEQ ID NO: 9 
coding for SEQ ID NO: 10, or to the sequence SEQ ID NO: 11 coding for SEQ ID 
NO: 12, 

- an anti-idiotypic antibody of the NOV protein, 

in combination with a pharmaceutically acceptable vector. 

The present invention also relates to a pharmaceutical composition characterized 
in that it contains as active ingredient a protein characterized in that it comprises or is 
constituted by: 

* a fragment of the NOV protein, represented by the sequence 
SEQ ID NO: 2, providing that this fragment exhibits an angiogenesis- 
inhibiting activity, said fragment comprising in particular approximately 40 
to approximately 180 amino acids, and being in particular represented by 
one of the following sequences SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, or 

* any sequence derived from the sequence SEQ ID NO: 2 or from a 
fragment defined above, in particular by substitution, deletion or addition of 
one or more amino acids, providing that this derived sequence exhibits an 
angiogenesis-inhibiting activity, or 

* any sequence homologous to the sequence SEQ ID NO: 2 or to a 
fragment defined above, preferably having a homology of at least 
approximately 80%, and in particular 85%, with the region comprised 
between the amino acids in positions (33) and (338) of the sequence SEQ ID 
NO: 2, providing that this homologous sequence exhibits an angiogenesis- 
inhibiting activity, 
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in combination with a pharmaceutical^ acceptable vector. 

An advantageous pharmaceutical composition according to the invention contains, 
as active ingredient, the abovementioned fragment TSP-1 (SEQ ID NO: 8). 

An advantageous composition according to the invention is characterized in that 
the angiogenesis-inhibiting activity is measured according to the proliferation, 
migration or differentiation test, and in that this inhibition activity corresponds to an 
inhibition percentage comprised from 20% to 100% of the angiogenesis obtained in the 
presence of the vehicle alone. 

The proliferation, migration or differentiation tests (angiogenesis in vitro) are 
described hereafter in the experimental part. 

The present invention also relates to a composition as defined above, 
characterized in that it contains as active ingredient the NOV protein, represented by the 
sequence SEQ ID NO: 2. 

According to an advantageous embodiment of the present invention, the 
composition as defined above is characterized in that it is capable of being administered 
at a rate of approximately 0.1 to approximately 20 mg/kg/day. 

The present invention also relates to the use as defined above, for the preparation 
of a composition as defined above, intended to be administered at a rate of 
approximately 0.1 to approximately 20 mg/kg/day. 

The present invention also relates to a composition as defined above characterized 
in that it is administered in the form of a gene, protein or peptide containing the 
sequence of type TSP-1 (SEQ ID NO: 8). 

An advantageous composition of the invention is in particular administered 
preferably in injectable form. 

DESCRIPTION OF THE FIGURES 

Figure 1 corresponds to the binding of the iodized form of VEGF165 to the NOV 
protein. 

The NOV protein (4 jig/ml) is immobilized on plastic according to the conditions 
described in the experimental part, then incubated with iodized VEGFi 6 5 (1 ng/well) in 
the absence (PBS column) or presence of 2 /xg/ml of VEGFi 6 5 (0 column) or of NOV 
(NOV column). The results are expressed in cpm of fixed iodized VEGF165 per well, 
after washing. 
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Figure 2 corresponds to the binding of the iodized form of VEGFigg to the NOV 
protein. 

The NOV protein (4 jig/ml) is immobilized on plastic according to the conditions 
described in the experimental part, then incubated with iodized VEGFi 8 9 (1 ng/well) in 
the absence (PBS column) or presence of 2 /ig/ml of VEGFi 89 (0 column) or NOV 
(NOV column). The results are expressed in cpm of fixed iodized VEGFig9 per well, 
after washing. 

Figure 3 corresponds to the cell migration test. The cells are counted in 8 fields 
and the average is represented on the y-axis. The x-axis corresponds to the 
concentration of the NOV protein in /ig/ml. The points represented by diamonds 
correspond to the cells not incubated with VEGF and the points represented by squares 
correspond to the cells previously treated with VEGF. 

Figure 4 corresponds to the cell proliferation test. The x-axis corresponds to the 
concentration of the NOV protein in /xg/ml and the y-axis to the optical density 
measured at 595 nm. The points represented by diamonds correspond to the cells which 
have not been stimulated by VEGF and the points represented by squares correspond to 
the cells which have been stimulated by VEGF. 

Figure 5 corresponds to the FBAE cell adhesion test. The x-axis corresponds to 
the concentration of the NOV protein in /xg/ml and the y-axis to the optical density 
measured at 595 nm. The points represented by diamonds correspond to the cells not 
incubated with VEGF and the points represented by squares correspond to the cells 
previously treated with VEGF. 

Figures 6 A and 6B represent the effect of NOV and its fragments on the migration 
of HUAEC cells stimulated with VEGFi 65 . Figure 6A corresponds to the control tests 
with cells not stimulated with VEGF165 and Figure 6B corresponds to the tests with cells 
stimulated with VEGF165. The columns represent the number of cells/field. The white 
columns correspond to the control cells (without addition of NOV or one of its 
fragments); the black columns correspond to the cells stimulated in the presence of 
NOV; the vertically hatched columns correspond to the cells stimulated in the presence 
of the N-terminal fragment of NOV (amino acids 1 to 187 of NOV) and the horizontally 
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hatched columns correspond to the cells stimulated in the presence of the C-terminal 
fragment of NOV. 

Figure 7A represents the effect of the NOV protein or its C-terminal fragment on 
the proliferation of the HUAECs (human umbilical artery endothelial cells) stimulated 
with VEGF]65. The x-axis corresponds to the concentration of the NOV protein or the 
C-terminal fragment (SEQ ID NO: 12) in /xg/ml and the y-axis to the optical density 
measured at 595 nm. The solid-line curve with the white squares corresponds to the 
NOV protein and the dotted-line curve with the black squares corresponds to the 
fragment SEQ ID NO: 12. 

Figure 7B represents the effect of the NOV protein or its C-terminal fragment on 
the proliferation of the HUAECs stimulated with bFGF. The x-axis corresponds to the 
concentration of the NOV protein or the C-terminal fragment (SEQ ID NO: 12) in 
jiig/ml and the y-axis to the optical density measured at 595 nm. The solid-line curve 
with the white squares corresponds to the NOV protein and the dotted-line curve with 
the black squares corresponds to the fragment SEQ ID NO: 12. 

Figures 8A and 8B represent the effect of the C-terminal fragment of the NOV 
protein (SEQ ID NO: 12) on corneal angiogenesis. Figure 8 A corresponds to the 
injection of LPS alone and Figure 8B to the injection of LPS and said C-terminal 
fragment. 

EXPERIMENTAL PART 

Materials : 

The NOV molecule is produced by infection of SF9 insect cells by a recombinant 
baculovirus containing the corresponding cDNA (SEQ ID NO: 1) (Thibout et al., 2003). 

The VEGF isoforms of 165 and 189 amino acids are produced by infection of SF9 
insect cells by a recombinant baculovirus containing the corresponding cDNA (Plouet et 
al., 1997). 

Human umbilical artery endothelial cells (HUAECs) were isolated from umbilical 
arteries perfused with collagen (Sigma) in order to digest the basal membrane. The 
HUAEC cells were maintained in SFM (Life Sciences) with added 20% foetal calf 
serum (FCS) inactivated by heat. The strain cultures received 1 ng/ml of VEGF each 
day. 
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Foetal bovine aorta endothelial (FBAE) cells were isolated from foetal aortas 
obtained from a local abattoir. The cells were maintained in DMEM Glutamax (Life 
Sciences) with 10% of new-born calf serum (NBCS) inactivated by heat, 100 /xg/ml of 
penicillin and 100 fig/ml of streptomycin at 37°C in 10% C0 2 and 1 ng/ml of VEGF 
added every 2 days. 

Direct interaction between VEGF and NOV 

For the binding to the immobilized NOV protein, 96-well ELISA plates were 
covered with 4 /xg/ml of NOV protein in a 0.05 M carbonate buffer, at pH 9.6, overnight 
at 4°C. The non-specific binding sites were blocked with 5 mg/ml of BSA in carbonate 
buffer. After washing the wells twice with PBS, at pH 7.4, 1 ng of iodized VEGF was 
added to each well in the presence or absence of 2 /xg/ml of VEGFi 6 5 or NOV, diluted 
in PBS containing 0.05% Tween 20, 0.5% BSA, 1 mM of MgCl 2 and 1 mM of CaCl 2 . 

The wells were washed 3 times with a mixture of PBS-Tween 20 0.1%-BSA 0.5% 
and the bound proteins were solubilized in 0.2M NaOH. 

The results of these experiments are represented in Figures 1 and 2. 

Figure 1 shows that the iodized VEGFics specifically combines with NOV since 
the addition of non-radiolabelled VEGF (VEGF) inhibits this binding. Similarly, the 
addition of NOV inhibits the binding of radiolabeled VEGFi 65 to NOV. 

Migration tests 

FBAE cells are inoculated in 4 cm 2 wells at a high density (50,000 cells/well). 
When the monolayer is confluent, the proliferation is stopped by incubation, overnight, 
in the presence of DMEM without serum. A wound is then made in the monolayer using 
a foam scraper, making it possible to delimit a surface free of any cell. The monolayers 
are then washed 3 times with DMEM in order to remove the non-adherent cells. A 
photograph is then taken in order to delimit the surface before any cell migration. The 
wells are then incubated in DMEM alone or in the presence of 50 ng/ml of VEGF in the 
presence of variable concentrations of NOV. After 24 hours the wells are washed 3 
times and stained with May-Grunwald-Giemsa and photographed. The photographs 
taken before and after the experiment are then superimposed in order to allow counting 
of the cells having migrated. 

The results of these tests are indicated in Figure 3. 
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The addition of NOV in the absence of VEGF has no effect on the basal migration 
of the cells. On the other hand, NOV inhibits the activity of VEGF and 50% of the 
maximum effect is obtained with a concentration of 50-100 ng/ml of NOV. 

Proliferation tests 

96-well culture plates were seeded with 1000 FBAE cells per well in DMEM with 
5% NBCS added. The cells were or were not stimulated with 2 ng/ml of VEGF165 and 
different concentrations of NOV. After 5 days, the wells were gently rinsed with 
DMEM and the cells were fixed in 1% glutaldehyde for 20 minutes at ambient 
temperature. The fixed cells were quantified by incorporation of crystal violet (Kueng et 
al., 1989): the cells were incubated in 0.1% crystal violet (Sigma) diluted in 0.2 M of 
borate buffer, at pH 9.5, for 20 minutes at ambient temperature, the non-incorporated 
stain was eliminated by completely washing the wells with large quantities of water and 
the crystal violet stain incorporated was then solubilized by 100 /xl of 10% acetic acid 
per well. The optical density readings were carried out at 595 nm. Similar results were 
obtained in three separate experiments (see Figure 4). The values indicated are average 
optical densities of 6 wells ± SD. 

The NOV protein used alone has no significant effect on the basal proliferation 
(due to the serum alone). On the other hand, the NOV protein inhibits the proliferation 
induced by the VEGF in a dose-dependent manner. 50% of the maximum effect is 
obtained with a concentration of 100-200 ng/ml of NOV. 

Cell adhesion tests 

96-well ELISA plates (Nunc) were covered with VEGF165 protein according to 
the protocol described in the article by Hutchings et al. (2003), diluted in 0.05 M 
carbonate buffer, at pH 9.6, overnight at 4°C. The non-specific binding sites were 
blocked for 1 hour at 37°C with 5 mg/ml of BSA in carbonate buffer and washed twice 
with DMEM before the experiments. The cells were trypsinized, washed and re- 
suspended in 5 ml of DMEM with 10% FCS in an untreated plastic tube and incubated 
for 1 hour at 37°C with 10% CO2. The cells were then concentrated by centrifugation 
and re-suspended in a DMEM + 0.2% BSA mixture without serum and the cell 
suspension was treated for 20 minutes (37°C, 10% C0 2 ) with the NOV protein used in 
order to modulate the adhesion. 40,000 cells per well were distributed in the wells in a 
volume of 100 /xl of DMEM + 0.2% BSA. The cells were left to adhere at 37°C under 
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10% CO2 for the desired time. The wells were gently washed three times with DMEM 
in order to remove the non-adherent cells and the adherent cells were fixed with 1% 
glutaraldehyde for 20 minutes at ambient temperature. The fixed cells were quantified 
by incorporation of crystal violet (Kueng et al., 1989): the cells were incubated with 
0.1% crystal violet (Sigma) diluted in 0.2 M of borate buffer, at pH 9.5, for 20 minutes 
at ambient temperature, the non-incorporated stain was eliminated by completely 
washing the wells with large quantities of water and the crystal violet stain incorporated 
was then solubilized by 100 /xl of 10% acetic acid per well (see Figure 5). 

In vitro angiogenesis 

Four rats' tails were skinned and dissected in order to recover the white fasciculi 
which are mostly constituted by type I collagen. The collagen is extracted from these 
fibres in 50 ml of cold 0.5 M acetic acid and stirred overnight. The liquid is then 
centrifuged at 5000 g for 40 minutes and the supernatant is recovered. The extraction is 
repeated once with 20 ml of acetic acid, the supernatants are mixed and then dialyzed 
against 1 1 of 0.2 M acetic acid. The collagen concentration is adjusted to 3 mg/ml by 
weight. The preparation of gels for the in vitro angiogenesis is carried out on ice in 
order to preserve the collagen solution in liquid form. One ml of collagen (5 mg/ml) is 
mixed with 0.5 ml of 10X DMEM (containing a 10X concentration of antibiotics and 
glutamine), 0.9 ml of sterile H 2 0 and 0.1 ml of 1M sodium bicarbonate. Once the pH 
has been adjusted to 7.4, an equal volume of matrigel (Becton Dickinson) is added. The 
gel is poured into culture wells (2 mm thick) and incubated at 37°C in order to solidify. 
The cells are added after 15 minutes (100,000 cells/cm 2 ) onto the surface of the gel. 
After 2 hours, the different soluble factors are added and the cells are observed and 
photographed after 24 hours. 

Production of anti-idiotypic antibodies 

Firstly, an NOV-neutralizing antibody is prepared by injecting an animal, in 
particular a mouse, with NOV protein mixed with Freund's complete adjuvant (1 
volume per volume of NOV protein). A quantity of NOV comprised between 1 and 200 
Mg/kg of body weight is chosen in order to immunize the animal. The same operation is 
carried out at intervals of 15 and 30 days, except that the complete adjuvant is replaced 
by incomplete adjuvant. On day 40 bleeding is carried out, the serum is separated and 
the immunoglobulins are purified by any usual method of fractionation, in particular 
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precipitation with ammonium sulphate, protein A or G affinity chromatography. The 
immunoglobulin-neutralizing activity is measured by any test described (binding of the 
iodized VEGF, cell proliferation, migration, adhesion). A batch of immunoglobulins is 
referred to as neutralizing when it has the ability to inhibit the interaction of NOV with 
VEGF. 

Secondly, anti-idiotypic antibodies of NOV are prepared by injecting mice by 
sub-cutaneous route with 1-100 /xg of the preparation of the immunoglobulins 
neutralizing the NOV activity described previously in combination with 100 /xl of 
adjuvant, in particular Freund's complete adjuvant (Sigma). The injection is repeated 
15, 30 and 45 days later. Fifty-five days after the first injection, mice are injected with 
10 /xg of the same antibody by intraperitoneal route. Fifty-eight days after the first 
injection, the mice are sacrificed and their spleens are removed and dilacerated in 
ISCOVE's medium in order to release the splenocytes. The splenocytes are fused with 
mouse myeloma cells, in particular AG8X 63 cells (Kearney et al., 1979), and incubated 
at a rate of 100,000 cells/well. The fusion is carried out by the addition of 20 times 50 
/xl of polyethylene glycol (PEG) at 30-second intervals. Four ml of ISCOVE's medium 
preheated at 37°C is then added dropwise to the cell suspension, then after a period of 
incubation of 4 minutes at 37°C, 4 ml is added. The suspension is centrifuged then the 
cell pellet is taken up in 100 ml of ISCOVE's medium complemented with 20% foetal 
calf serum and IX HAT (SOX: 5 mM Hypoxanthine, 20 /xM Aminopterin and 0.8 mM 
Thymidine) and distributed at a rate of 100 /xl per well on the macrophages. After 5 
days, 100 /xl of HAT medium is added, and between 8 and 14 days the conditioned 
medium of each hybridoma is removed in order to measure by ELISA the antibodies 
directed against the antibodies having served as immunogenic agent, i.e. the anti-NOV 
antibodies. The activity of the anti-idiotypic antibodies is then measured by an ELISA 
test: 

The Fab fragments of the anti-NOV immunoglobulins, prepared by any standard 
technique, in particular papain digestion, are immobilized on microtitration plates (0.1- 
20 /xg/ml in 50 mM carbonate buffer, pH 9.6). After saturation of the non-specific sites 
by a solution of albumin serum diluted to 5 mg/ml in the same buffer, the hybridoma 
culture supernatants are added diluted by half in PBS buffer containing 0.05% Tween 
20. After rinsing, the anti-idiotypic antibodies are developed by the addition of an 
appropriate concentration of anti-Fc antibodies of mice coupled with peroxidase. The 
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quantity of fixed anti-idiotypic antibodies is then measured by development of the 
peroxidase and is proportional to the intensity of the colorimetric reaction. 

The hybridomas selected by their capacity to secrete antibodies directed against 
anti-NOV antibodies are then cloned, i.e. the cells are seeded under limited dilution 
conditions (5 cells/ml) under a volume of 0.1 ml per well. The medium is changed after 
10 days. After 15 days, certain wells contain foci of cells which are multiplied from the 
cell seeded at the start, therefore all these cells are identical and originate from the same 
clone. When the surface occupied by the cells represents at least half of the total surface 
of the well, the medium is removed and analyzed as previously by an ELISA test on 
anti-NOV Fab. At this stage the antibody-producing clones can be selected and their 
specificity known. 

Once the clones are identified, their monoclonal nature is affirmed by the standard 
operation consisting of seeding a 96-well plate with cells originating from the same 
clone diluted under limiting conditions as previously. The secreting clones must 
therefore all secrete an antibody of the same specificity in order for this antibody to be 
declared monoclonal. A third cloning is then carried out under exactly the same 
conditions in order to ensure that the clones are indeed monoclonal. 

The anti-idiotypic antibodies are screened by a battery of tests, in particular by an 
ELISA test on immobilized VEGF. VEGF is immobilized (0.1-10 jLtg/ml) in carbonate 
buffer as previously and all the stages of this ELISA test are identical to those described 
in the ELISA test on anti-NOV Fab. This test makes it possible to screen from all the 
anti-idiotypic antibodies those which mimic the functions of the NOV protein 
(SEQ ED NO: 2) or type TSP-1 fragments (SEQ ID NO: 8), i.e. antibodies recognizing 
VEGF. 

CONSTRUCTION OF NOV MUTANTS 

Deletion mutants of the NOV protein were constructed according to the reference 
(Perbal et al., 1999) and produced in a baculo virus expression system: 

- N-Ter (corresponds to a sequence comprising the amino acids 1-187 of NOV) 

and 

- C-Ter containing the amino acids 188 to 357 (this sequence contains the 
thrombospondin type domain (SEQ ED NO: 8) and the C-terminal domain rich in 
cysteines (SEQ ID NO: 10). 
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Migration tests (Figure 6) 

HUAEC cells are inoculated in 4 cm 2 wells at a high density (50,000 cells/well). 
When the monolayer is confluent, proliferation is stopped by incubation, overnight, in 
the presence of SFM with 1% NBCS. A wound is then made in the monolayer using a 
foam scraper, making it possible to delimit a surface free of any cell. The monolayers 
are then washed 3 times with SFM in order to remove the non-adherent cells. A 
photograph is then taken in order to delimit the surface before any cell migration. The 
wells are then incubated in SFM alone or in the presence of 50 ng/ml of VEGF in the 
presence of variable concentrations of NOV or of its N-Ter or C-Ter fragments. After 
24 hours the wells are washed 3 times and stained with May-Grunwald-Giemsa and 
photographed. The photographs taken before and after the experiment are then 
superimposed in order to allow counting of the cells having migrated. 

The results of these tests are indicated in Figure 6. 

The addition of NOV or the N-Ter fragment in the absence of VEGF has no effect 
on the basal migration of the cells. NOV inhibits the activity of VEGF and 50% of the 
maximum effect is obtained with a concentration of 50-100 ng/ml of NOV. The N-Ter 
fragment exhibits no inhibiting activity. On the other hand, the C-Ter fragment inhibits 
the migration of the HUAEC cells. 

These experiments demonstrate that the NOV sequence comprising the amino 
acids 188 to 357 is indeed responsible for angiogenesis-inhibiting activity due to VEGF 
and that it induces an activity inhibiting migration, including in the absence of VEGF. 

Proliferation tests (Figure 7) 

96-well culture plates were seeded with 2000 HUAEC cells per well in SFM 
medium with 10% NBCS added. The cells were or were not stimulated with 2 ng/ml of 
VEGFi 65 and different concentrations of NOV or C-Ter fragment. After 5 days, the 
wells were gently rinsed with SFM medium and the cells were fixed in 1% glutaldehyde 
for 20 minutes at ambient temperature. The fixed cells were quantified by incorporation 
of crystal violet: the cells were incubated in 0.1% crystal violet (Sigma) diluted in 0.2 M 
of borate buffer, at pH 9.5, for 20 minutes at ambient temperature, the non-incorporated 
stain was eliminated by completely washing the wells with large quantities of water and 
the crystal violet stain incorporated was then solubilized by 100 fil of 10% acetic acid 
per well. The optical density readings were carried out at 595 nm. Similar results were 
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obtained in three separate experiments (see Figure 7). The values indicated are average 
optical densities of 6 wells ± SD. 

The NOV protein inhibits the proliferation induced by VEGF and FGF in a dose- 
dependent manner. 50% of the maximum effect is obtained with an inhibiting 
concentration of 50% of 200 ng/ml of NOV vis-a-vis VEGF and FGF. Similarly, the C- 
Ter fragment inhibits the proliferation induced by VEGF and FGF with a concentration 
of 200 ng/ml. 

These experiments demonstrate that the NOV sequence comprising the amino 
acids 188 to 357 is indeed responsible for angiogenesis-inhibiting activity. The 
observation according to which the mitogenic activity of the FGF is also inhibited by 
the NOV fragment 188-357 demonstrates that the inhibiting activity is not restricted to 
the single factor VEGF. 

Corneal angiogenesis 

Wistar rats are anaesthetized. The corneas are incised and a corneal pocket is 
obtained by dilacerating the thickness of the stroma using a foam spatula. An Elvax 
implant (DuPont) containing lipopolysaccharide, an inflammatory agent triggering an 
angiogenic reaction dependent on several angiogenic factors, is inserted into the bottom 
of the pocket. After 8 days an angiogenic reaction is visible with respect to the limbus. 
When the C-Ter fragment is injected into the corneal pocket (5 /xg every 2 days between 
D4 and D8), the angiogenic reaction is completely inhibited (Figure 8). 

These experiments demonstrate that the C-Ter fragment of NOV exhibits a major 
an ti -angiogenic activity, being dependent on the activation of several angiogenic 
factors. 
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